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Immunohistochemical and in situ hybridization assays were performed to answer the question whether
the endostyle, that is the initial gastro-intestinal trait of Ciona intestinalis pharynx, is involved in galectin
(CiLgals-a and CiLgals-b) production during the pharynx inﬂammatory response to LPS inoculation.
Speciﬁc anti-CiLgal-a and anti-CiLgals-b antibodies, and oligonucleotide probes, that mark inﬂammatory
hemocytes inside the pharynx vessels and vessel epithelium as shown by a previous paper, were assayed
on endostyle histological sections. For the ﬁrst time, we show that galectins are produced by endostyle
zones, and both CiLgals-a and eb genes are upregulated by LPS. CiLgals-a and CiLgals-b are constitutively
expressed in the endostyle zone 2 and 3, respectively, both genes are upregulated by LPS in the zone 2,
and CiLgals-b in the zone 3 and 4. The antibody-reacting material contained in intracellular and extra-
cellular large vesicles suggest an unexpected vesicle-dependent transporting mechanism of galectins not
provided with signal peptide. Differential expression and gene upregulation in not-treated and LPS-
treated specimens, support the role of endostyle galectins both in ﬁlter feeding and defense responses.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Galectins form an evolutionarily conserved protein family
characterized by homologous carbohydrate recognition domains
(CRD) with a relatively high afﬁnity to b-galactosides [1,2]. All
known galectins are classiﬁed into three types in terms of molec-
ular architecture, i.e. mono-CRD, bi-CRD and chimera types. Inmost
animals, a complex galectin repertoire recognizes and cross-links
glycan groups of glycoconjugates of cells and extracellular matrix
[1e4]. Ligands can be cell membrane-bound, secretory molecules
or bacterial lipopolysaccharides, so variations in glycan binding
preference suggest galectin diversity in recognition. Inmammals, at
least 15 galectin subtypes have been identiﬁed [1] and several
galectins have been found in birds, frogs, and many invertebrate
species, including ascidians and cephalochordates [5e8]. Galectins
lack of signal sequence and glycosilation, it is generally considered
that they escape the ER/Golgi apparatus and are released extra-
cellularly to be involved in cellular communication, self not-self
recognition, host pathogen interaction, inﬂammation, develop-
ment, differentiation [6,9,10] and malignant transformation [11].ammarata).Ascidians represent a key group in chordate phylogenesis, and
are retained the sister group of vertebrates [12e15]. In Ciona
intestinalis, two bi-CRD galectins (CiLgals-a and CiLgals-b) have
been identiﬁed. According to Houzelstein et al. [5], the CiLgals-a
exhibits the F4-CRD-linker-F3-CRD gene arrangement typical of the
amphioxus and vertebrate Bi-CRD Lgals genes, the CiLgal-b pre-
sents a speciﬁc F4-CRD-linker-F4-CRD gene organization. Sequence
homology and gene organization suggest a tandem duplication of
an F4-CRD gene organization that would have given rise to the
ancestral F4-CRD-linker-F3-CRD found in chordates. In a recent
paper we reported that these CiLgals are inducible by LPS inocu-
lation [16]. Real time PCR proﬁling, in situ hybridization and
immunohistochemistry methods disclosed that both genes are
promptly (within 4 h) upregulated in pharynx vessel epithelium
and hemocytes. Finally, the homology modeling process showed
that the N-CRD and C-CRD of CiLgals-a as well as the CiLgals-b
domains, are suitable for binding to b-galactosides, and can be
superimposed to human C-CRDs and N-CRDs showing a common
structural model [16].
Although the pharynx has been deﬁned as the main ascidian
immune-competent organ [17], it is the initial part of the ascidian
digestive tract. The branchial basket, consists of two epithelial
monolayers perforated by rows of ciliated stigmata aligned dorso-
ventrally and enclosed in a mesh of vessels where the hemolymph
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internal ﬁlter feeding of urochordates, cephalochordates and larval
cyclostomata; it is retained a key structure in the evolution of
chordates [21,22]. It has the form of a trough-shaped structure in
the ventral wall of the pharynx, histologically divided in eight
functional units called “zones” that extend antero-posteriorly, and
are numbered bilaterally from midventral to dorsolateral
[18,23e25]. The endostyle extends to the esophagus and produces
the mucus, a complex of mucoproteins and mucopolysaccharides.
The resulting mucus net, produced by the cells of the zone 1e4, is
an elongated mesh consisting of transverse and longitudinal ﬁla-
ments that form an extremely high porosity that can capture par-
ticles as small as bacteria that adhere to the mucus components
[21,24,26]. The bottom of the groove (zone 1) is lined with a lon-
gitudinal row of very long cilia that move the mucus to the sides of
the endostyle and then outward by lateral cilia. At ﬁrst, to check for
the galectins immune role, observations were focused on the
pharynx vasculature and hemocytes [16]. To answer the question
whether C. intestinalis endostyle is also involved in immune
response and whether galectins are expressed in this gastrointes-
tinal tract, histological sections were examined with the anti-CiL-
gal-a and anti-CinLgals-b antibodies, and oligonucleotide probes
speciﬁc for each of the galectin subtypes. For the ﬁrst time, we
show that galectins are produced by endostyle zones, and genes are
upregulated following LPS inoculation. In addition, differences in
gene expression between not-treated and LPS-treated ascidians,
suggest the endostyle galectins involvement both in ﬁlter feeding
and internal defense. Surprisingly, the antibody-reacting material
was contained within intracellular and extracellular vesicles indi-
cating a galectin vesicle-linked transport mechanism.2. Materials and methods
2.1. Animals and pharynx tissue preparation
Ascidians, from Termini Imerese marinas (Italy), were main-
tained in aerated seawater at 15 C and fed every second daywith a
marine invertebrate diet (Coraliquid, Sera Heinsberg, Germany).
Before any treatment the tunic surface was cleaned and sterilized
with ethyl alcohol. As previously described [27], 100 mg LPS
(Escherichia coli 055:B5, LPS, SigmaeAldrich, Germany) in 100 ml
sterile marine solution (12 mM CaCl2$6H2O, 11 mM KCl, 26 mM
MgCl2$6H2O, 43 mM Tris HCl, 0.4 M NaCl, pH 8.0) per specimen,
were inoculated into the body middle region, just under the tunic,
to allow the LPS spreading into the pharynx tissue. At 4 h post
inoculation (p.i.) the pharynx region containing the endostyle was
excised. Ascidians, either untreated (naïve) or injected with 100 ml
marine solution (sham ascidians), were used as a control. Samples
from 10 specimens for each treatment or naïve animals, were
examined.
The experiments were performed in full compliance with the
national (D.Lgs n.116/1992 and n.26/2014) and international Euro-
pean Commission Recommendation guidelines for the accommo-
dation and care of animals used for experimental and other
scientiﬁc purposes (2007/526/EC).2.2. Histological methods
For histological studies, serial sections of parafﬁn-embedded
pharynx, opportunely excised to contain the endostyle, were
alternatively examined by in situ hybridization and immunohisto-
chemistry under a Leica DMRE microscope. To display the endo-
style histological organization in naïve ascidians, sections were
stained with Mallory's trichrome stain [28].2.3. In situ hybridization
The ISH method has been previously reported [16,27]. In brief,
histological sections were treated with CiLgals-a and CiLgals-b
digoxigenin-11-UTPlabeled riboprobes (1 mg/ml ﬁnal concentra-
tion) (Roche Diagnostics) as reported. The riboprobes contained the
C-CRD (C terminus) sequence including 621-1223 residue positions
of the Ci-Lgals-a cDNA, or the 610-1331 C-CRD residue positions of
the CiLgals-b cDNA [16]. After digestion with proteinase K (10 mg/
ml) in PBS-T (NaCl 0.1 M; KCl 0.02 M; KH2PO4 0.01 M; Na2HPO4
0.06 M, pH 7.4 containing 0.1% Tween 20) for 5 min, sections
washed with PBS-T were treated with hybridization buffer con-
taining 50% formamide, 5X SSC (1X SSC: 0.15 M NaCl/0.015 M so-
dium citrate, pH 7), 50 mg/ml heparin, 500 mg/ml yeast tRNA and
0.1% Tween 20, at 37 C overnight. After 1 h incubation with anti-
DIG-Fab-AP conjugate (Roche Diagnostics) diluted 1:100, the sec-
tions were washed in PBS-T and ﬁnally incubated in 5-bromo-4-
chloro-3-indolyl phosphate/nitro blue tetrazolium (BCIP/NBT)
liquid substrate system (SigmaeAldrich, Germany). Color devel-
opment was stopped after 30 min at r.t. The prehybridization was
carried out in the hybridization buffer for 1 h at 37 C. Sense probe
preparations were as controls.
2.4. Antibody speciﬁcity and immunohistochemical assays
In a previous study [16], speciﬁc antibodies versus CiLgals-a and
CiLgals-b galectin subtypes were prepared and assayed in pharynx
histological sections. As previously shown, the antibodies were
selectively puriﬁed, and tested for their speciﬁcity. In brief, anti-
bodies were raised in rabbit against peptides selected from the
deducedmature CiLgals-a and CiLgals-b sequences, and provided of
immunogenic properties (Sigma-Genosys, UK). CiLgals-a
DTGIEIPKPAVDTL-C and CiLgals-b MFRTQRKLNRPAI-C peptides
were synthesized, antiserum were produced by Sigma-Genosys,
and stored at 80 C until to be used. The rabbit serum antibody
titer (1:25,000) was recorded by ELISA. Immunoglobulins were
isolated from the rabbit serum by afﬁnity chromatography through
a Protein G-Sepharose column (GE Healthcare Biosciences) eluted
with 0.1 M glycine-HCl pH 2.8, then an antigen peptide coupled to
CNBR-activated Sepharose 4B (GE Healthcare Biosciences) column
was used [16]. The antibody titer of pooled and PBS-dialyzed frac-
tions was checked by ELISA on plates (Nunc, Denmark) coated with
the peptide used as an antigen (10 mg/well). Then, the wells were
incubated in blocking solution, with: 1. Anti-CiLgals-a and anti-
CiLgals-b antisera diluted (1:1000e1:50,000); 2. Pre-immune rab-
bit serum (1:50e1:200); 3. Puriﬁed antibody fraction
(1:1000e1:50,000). The antibodyepeptide reaction disclosed with
peroxidase-conjugated anti-rabbit IgGs (1:10,000) in blocking so-
lution, and then incubated with o-phenylenediamine and the
peroxidase product quantiﬁed (492 nm). Histological sections were
incubated with 3% BSA in phosphate buffered saline (PBS) con-
taining 0.1% (v/v) Tween 20 (PBS-T) for 2 h at r.t., and then (over-
night at 4 C) with primary antibody (0.0170 mg/ml anti-CiLgals-a or
0.026 mg/ml anti-CiLgals-b) in PBS-T/1%BSA. Anti-rabbit IgG phos-
phatase alkaline conjugated antibody was used as secondary anti-
body (1:10,000; 90 min at r.t.). The sections were rinsed with PBS-T
and stained with BCIP/NBT liquid substrate system.
3. Results
3.1. Expression of galectins by the endostyle zones of naïve and
sham ascidians
A typical endostyle organization is displayed in Fig. 1(a) that
shows a histological transverse section treated with Mallory's
Fig. 1. Immunohistochemistry with anti-CiLgals-a and anti-CiLgals-b antibodies and in situ hibridization assays on transverse sections of the Ciona intestinalis endostyle from naïve
and sham ascidians. a: Mallory's staining, the eight zones of the endostyle are indicated by corresponding numbers, the cells of the zone 1 bear very long cilia; hemocytes are
scattered in the surrounding tissues. b: Treatment with anti-CiLgals-a antibody. c: Magniﬁcation of zone 2, seen in “b”, showing numerous positive vesicles. d: Treatment with anti-
CiLgals-b antibody, an outer layer and zone 3 are marked by anti-CiLgals-b antibody. e: Magniﬁcation of zone 3 shows tiny positive granules inside the narrow elongated cells, and
positive material layered at the base of the cilia. f: Treatment with the secondary antibody. g: In situ hybridizationwith CiLgals-a riboprobe that shows marked hemocytes, only. h: In
situ hybridization with CiLgals-b riboprobe, that shows marked hemocytes, only. i: In situ hybridization with sense riboprobes, where marked hemocytes cannot be seen. The
numbers from 1 to 8 indicate the distinct endostyle zones. c: cilia; b: pharynx bar; tl: tuft-like area; v: vesicle; he: hemocytes; ol: outer galectin layer. Bar in a,b,d,g,h,i ¼ 40 mm; bar
in c ¼ 20 mm, bar in e ¼ 15 mm, bar in f ¼ 100 mm.
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scopy observations [25,29e31], eight zones run parallel to one
another in longitudinal orientation. Zone 1 is the median region
forming the bottom of the groove, where epithelial cells are pro-
vided with very long cilia. Zone 2, 4, 5, 6, 7 and 8 consist of two
symmetrically rows forming the lateral walls of the endostyle. As
shown in Fig. 1a, the zone 2 is formed by elongated columnar cells
arranged in a fan-shaped pattern, the proximal side of this zone is
covered by a layer of cubical cells. The cells stand more or less
parallel with each other, their apices crowded together in a narrow
zone, and form a tuft-like structure. The zone 3 presents markedly
narrow (1e3 mm in thickness) ciliated cells. The median zone 4,
resembles the histological organization of the ventral zone 2. He-
mocytes are scattered in the surrounding pharynx tissues (Fig. 1a).
Since galectin production was mainly disclosed in the zones 2, 3
and 4, details of the zones 1 and 5e8 are not reported. In the un-
treated or sham (inoculated with marine solution) ascidians, the
immunohistochemistry reaction with the anti-CiLgals-a antibody
strongly marked the cells of zone 2 (Fig. 1b). When sections from a
more distal cutting plane were examined, numerous extracellular
large vesicles (3.5e8.5 mm in diameter) full of antibody reacting
material were seen at the apical area of the cells (Fig. 1c). A weak
staining indicated a diffuse sharing of the CiLgals-a galectin scat-
tered throughout the zones 3e6. The anti-CiLgals-b antibody
mainly marked the zone 3 (Fig. 1d) where positive, ﬁnely granular
material was scattered in the cytoplasm of the narrow elongated
cells (Fig. 1e), while antibody-reacting material was scattered
throughout the cells of the zones 2 and 4e6.
In addition, both antibodies reacted with some traits of extra-
cellular material that form an outer layer strictly adhering to theendostyle surfaces (both proximal and distal), clearly visible at the
base of the cilia lining the zone 3 (Fig. 1e). According to a previous
paper [16], both antibodies also reacted with the epithelium lining
the pharynx bars where positive hemocytes were scattered
(Fig. 1b,d). In each of the 20 specimens examined, either naïve or
sham, the riboprobe hybridization signal of CiLgals-a or CiLgals-b
was not found in any endostyle zone (Fig. 1g,h), whereas, according
to a previous paper [16] marked hemocytes adhering to the phar-
ynx bars could be seen. Controls performed with the secondary
antibody or the sense strand riboprobes were always negative
(Fig. 1f and i).
3.2. Expression of galectins by endostyle zones following LPS
inoculation
In the zone 2, the anti-CiLgals-a antibody showed the positive
dense material contained in the cytoplasm of the cells which run
parallel to one another (Fig. 2a). In the enlarged Fig. 2l, the antibody
reaction displays the cytoplasmic and vesicular localization of the
CiLgals-a. As shown by Fig. 2d the CiLgals-b was produced by the
cells of the zone 2, and more strongly by the zone 4, while positive
tiny granular material was scattered throughout the cells of zones 3
and 6 (Fig. 2d). Following the LPS inoculation, a more evident CiL-
gals-b content in the layer of extracellular material that lined the
endostyle could be seen (Fig. 2d,m). The cytoplasmic and vesicular
localization of the CiLgals-b in the columnar cells of the zones 2 and
4 is shown by magniﬁed views (Fig. 2m,o,p). Similar pictures were
seen for CiLgals-a. In situ hybridization assays, carried out on serial
sections, revealed that the LPS inoculation challenged the cells of
the zones 2, 3 and 4, and the genes were upregulated. An intense
Fig. 2. Immunohistochemistry with anti-CiLgals-a and anti-CiLgals-b antibodies and in situ hybridization assays on transverse sections of the Ciona intestinalis endostyle following
LPS inoculation. a: Treatment with anti-CiLgals-a antibody; the zone 2 is intensely marked, traits of outer material layer are slightly marked. b: In situ hybridization with CiLgals-a
riboprobe, the basal area of the zone 2 cells is intensely marked. c: Zone 2 treated with the secondary antibody. d: Zone 2 and 4 treated with anti-CiLgals-b antibody; traits of
positiver material lining the cells are positive, while tiny granules inside the cells of zones 3 and 6 are slightly positive. e: Zones 2 treated with CiLgals-b riboprobe. f: In situ
hybridization with CiLgals-b riboprobe intensely marks the basal area of the zones 3 and 4 cells. g: Zones 3 and 4 treated with the secondary antibody. h: Zones 2 treated with the
sense riboprobe. i: Magniﬁcation of the zone 4 treated with the CiLgals-b riboprobe. l: Magniﬁcation of the zone 2 treated with anti-CiLgals-a antibody. m: Magniﬁcation of zone 4
treated with anti-CiLgals-b antibody. n: Vesicles in the zone 4 treated with secondary antibody o: Vesicles in the zone 4 after treatment with the anti-CiLgals-b antibody. p:
Magniﬁcation of vesicles seen in “o”. The numbers from 2 to 6 indicate the distinct zones. c: cilia; ol: outer galectin layer; v: vesicle; t-l: tuft-like area, he: hemocytes, b: pharynx bar.
Bar in a,b,c,e,g ¼ 20 mm; bar in d,h ¼ 25 mm; bar in f,o ¼ 10 mm; bar in i: 7 mm; bar in l: 5 mm; bar in m: 4 mm; bar in n,p: 3.5 mm.
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columnar cells (Fig. 2b). A Figure magniﬁcation better shows the
CiLgals-a riboprobe localization at the basal area of the columnar
cells of the zone 2 (Fig. 2i). A similar localization of the CiLgals-b
riboprobe signal marked the cells of the zone 4 (Fig. 2f), and at the
basal area of the narrow elongated cells of the zone 3 (Fig. 2f) where
a lesser amount of protein had been recognized by the antibody
(Fig. 2d). Although, in the examined sections, the antibodies did not
mark the cubical cell layer that cover the proximal side of the zone
2, in situ hybridization following LPS challenge disclosed that they
contained both CiLgals-a and CiLgals-b mRNAs (Fig. 2b, e). Fig. 2g
and h show the features of the controls treated with secondary
antibody and sense probe preparations, respectively.
3.3. Galectin containing vesicles
As shown by magniﬁed views of sections from ascidians inoc-
ulated with LPS, the anti-CiLgals-b antibody marked material that
ﬁlled large (about 3.4e8.5 mm in diameter) rounded vesicles
located in the zones 2 (Fig. 2o,p) and 4 (Fig. 2m) at the middle part
of every columnar cell and at the columnar apices that form thetuft-like structure. Similarly to what observed in naïve and sham
ascidians (Fig. 1c), the anti-CiLgals-a antibody disclosed galectin-
containing vesicles in the zone 2 (Fig. 2l). In both zones, vesicles
found at the cellular apices crowded together to form a tuft-like
structure (Fig. 2l), while more superﬁcial sections disclosed
numerous vesicles that could have been spread outside the cells
from their apices (Fig. 1c). A control section treated with secondary
antibody showed unstained vesicles which ﬁlled cells of the zone 4
(Fig. 2n), and a similar vesicle distribution was found in control
sections of the zone 2.
4. Discussion
Although it is generally noted that galectin subtypes display cell
and tissue-speciﬁc distribution, some of them are expressed in
many tissues and cell types [32]. Anyhow, tissue localization and
speciﬁc gene expression may contribute in elucidating their roles.
Nothing is known about the galectins localization in the ascidian
digestive tract, and the question arises as to whether the two
already known ascidian galectins (CiLgals-a and -b), components of
the C. intestinalis inﬂammatory response [16], are expressed by the
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reports [24,25], eight endostylar zones have been distinguished.
Cells of zones 1, 3 and 5 are supporting elements involved in
catching and transporting food. The zones 2, 4 and 6, are retained
the main protein secreting glandular regions, and the zones 7 and 8
are thyroid-equivalent elements that incorporates iodine in iodo-
proteins [33]. By using speciﬁc antibodies and riboprobes, we show
that galectins are expressed by endostylar zones and the immune-
related CiLgals-a and CiLgals-b genes can be upregulated by a
bacterial component, i.e. LPS. The cells of the zone 2 and 3 consti-
tutively produce the CiLgals-a and CiLgals-b, respectively, being the
density of the CiLgals-a protein in the columnar cells of zone 2
higher than that of the CiLgals-b in the narrow cells of the zone 3.
Both cell types can be activated by LPS inoculation, the CiLgals-a
and -b genes upregulated, and the riboprobe signals mainly local-
ized at the basal area of the cells where the nucleus lays as shown
by ﬁne structure studies [25,26,29,34]. It is of interest the upre-
gulation of the CiLgals-b gene in the zone 4 following LPS inocu-
lation, where taller epithelial cells intensely produced the galectin.
Although antibodies did not disclose galectins in the cubical cell
layer that covers the proximal side of the zone 2, the CiLgals-b
riboprobe marked these cells suggesting gene upregulation. An
increased expression of CiLgals-b protein can also be indicated by
the sharing of protein throughout the zone 3 and 5e6, as well as by
the more dense outer material marked by the antibody at the
endostyle surfaces where cilia are distributed.
The differential galectin expression levels between endostyle
zones and the rest of the pharynx components, remains to be
elucidated. In a previous paper, immunohistochemistry and in situ
hybridization assays showed that both galectins were expressed by
inﬂamed vessel epithelium and hemocytes inside the vessel lumen.
In addition, real time PCR analysis of the whole pharynx disclosed a
differential galectin genes modulation following LPS inoculation
[16]. However, in that case the CiLgals-a appeared to be more
expressed than CiLgals-b, whereas immunohistochemistry and in
situ hybridization, show that in naïve and sham ascidians the
endostyle CiLgals-a was overexpressed (zone 2) and the CiLgals-b
was underexpressed. Although, the LPS inoculation challenged
both genes, the CiLgals-b gene was upregulated and the protein
produced both in zone 2 and 4 suggesting a differential zone
expression and its immune role. The possibility exists that a
different modulation could be imputed to methodological con-
strictions due to the whole pharynx tissue used for PCR analysis,
whereas variation in ascidians collection and acclimation cannot be
excluded [21]. A marked physiological differential regulation of
galectin genes is an outstanding feature of mammalian galectins
even of those widely expressed [32]. In this respect a distinct
expression pattern can be normally quite but rises to high levels
when cells are activated. Although our ﬁndings do not allow any
speculation on the regulatory mechanisms involved, they disclose
the endostyle contribution to the inﬂammatory response. In a
previous paper [35] we reported that C. intestinalis galectin-like
molecules, overproduced and released into the hemolymph
following LPS inoculation, had opsonic properties. In C. intestinalis,
the LPS locally inoculated permeates the pharynx and stimulates
the expression of several immune-related factors [17,27,36e39]
including TNFa-like [40,41] which could have a role in the regula-
tory network.
In addition, according to the constitutive galectin presence in
the zones 2 (CiLgals-a) and 3 (CiLgals-b), they may also be involved
in food collection. They may be released into the endostyle groove
where mucus is secreted and food particles collected. In the
extracellular space, galectins could absorb b-galacoside-containing
microorganisms and form ligand lattices that would be moved to
the digestive trait [42]. In this respect, BiCRD galectin-ligandbinding can leads to oligomeration, forming trimers or pentamers
more effective in ligand binding inﬂuenced by microenvironmental
conditions [3,43,44]. The CiLgals-a and CiLgals-b oligomerization
has previously been reported, delineating different galectin func-
tions [16,35]. Although, we were not able to ascertain and distin-
guish the CiLgals-a and CiLgals-b functions, it is presumable that
both are components of the secreted mucus. In this respect the
zones 2e4 are producer of mucus, and the CiLgals could be coupled
with the mucus production, while the modulation by LPS suggest
both microorganisms collection for feeding and a defense role
related to feeding [22,26,45]. The mucus net contains mucopoly-
saccharides and mucoproteins (composed of a peptide core sur-
rounded by a stretch of polysaccharides) [26], therefore the
possibility exists that galectins could be released in associationwith
them. Accordingly, elongated mesh of mucus ﬁlaments containing
galectins may form an outer layer strictly adhering to the endostyle
surfaces, mainly in the ciliated traits. In mammals, galectins are
expressed by epithelia of the digestive system [46e49], and the
mucus layer coating the gastrointestinal tract is the front line of
innate host defense. Mucus production and galectin genes expres-
sion could be regulated either through transcriptional or epigenetic
modulation by bioactive factors including LPS and cytokines [21]. A
striking common feature of both galectins, is the modulation under
different physiological conditions, suggesting that the expression of
galectin subtypes is ﬁnely tuned and possibly coordinate.
In mammalian cells, due to the lack of signal peptide, galectins
are cytosolic and not compartmentalized within classical secretory
compartments, and there is evidence of a mechanism distinct from
the classical vesicle mediated exocytosis [32,50]. Although our
ﬁndings cannot elucidate the transporting and releasing mecha-
nism, we found galectins both scattered in the cytoplasm and
contained within intra- and extra-cytoplasmic large vesicles. In this
respect, the columnary cells of the zone 2 and 4 show large vesicles
placed in the supranuclear cytoplasmic area, whilst vesicles were
lined up toward the apical region (tuft-like) of the cells, where they
were numerous. The vesicle size and cytoplasmic pattern cannot be
related to the secretory granules reported by ﬁne structure studies
[25,29,34]. A membrane around the stained material that ﬁlled the
vesicles could not clearly be showed by the used methods. How-
ever, a vesicular structure is indicated bymagniﬁcation of antibody-
treated and control sections. Subsequent ﬁne structure studies
could disclose a vesicle based transport in the absence of peptide
signal. When released from the apical region of the cells, stressing
factors, including infection and inﬂammation, can induce a vesicle
destruction with release of their content into the outer space
[50,51]. In conclusion, this study clearly shows the two galectin
subtypes localization in the C. intestinalis ﬁlter feeding pharynx
endostyle, the genes upregulation by LPS, the protein production
that seems to be due to a vesicle-linked release. Although ligands of
the endostyle galectins remain unknown, the present paper con-
tributes to a better understanding of functions and defense role of
glycan-binding molecules in the ascidian digestive tract.
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